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Abstract
Human enteroviruses (HEVs) occur in high concentrations in wastewater and can contaminate receiving environmental 
waters, constituting a major cause of acute waterborne disease worldwide. In this study, we investigated the relative abun-
dance, occurrence, and seasonal distribution of polio and other enteroviruses at three wastewater treatment plants (WWTPs) 
in Naples, Southern Italy, from January 2010 to December 2014. Influent and effluent samples from the three WWTPs were 
collected monthly. One hundred and sixty-one of the 731 wastewater samples collected (22.0%) before and after water 
treatment were CPE positive on RD cells; while no samples were positive on L20B cells from any WWTPs. Among the 
140 non-polio enterovirus isolated from inlet sewage, 69.3% were Coxsackieviruses type B and 30.7% were Echoviruses. 
Among these, CVB3 and CVB5 were most prevalent, followed by CVB4 and Echo6. The twenty-one samples tested after 
treatment contained 6 CVB4, 5 CVB3, 3 Echo11, and 2 Echo6; while other serotypes were isolated less frequently. Data on 
viral detection in treated effluents of WWTPs confirmed the potential environmental contamination by HEVs and could be 
useful to establish standards for policies on wastewater management.
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Introduction
The human enteroviruses (HEVs) are responsible of a wide 
variety of infections that affect humans (Griffin et al. 2003; 
Hewitt et al. 2011; Lin and Ganesh 2013; Adeniji and Faleye 
2014). Their normal site of replication is the gastrointesti-
nal tract, and the infection can be subclinical or cause only 
mild illness (Pellegrinelli et al. 2013; van der Linden et al. 
2015). In some cases, the virus spreads to other organs, caus-
ing severe disease, including acute meningitis, encephalitis, 
paralysis, Bornholm disease, pericarditis, acute hemorrhagic 
conjunctivitis, and hand, foot, and mouth diseases; recent 
studies showed that HEV infection could be implicated in 
diabetes mellitus type 1 and myocarditis (La Rosa et al. 
2012; Peci et al. 2014; Kaas et al. 2016). HEVs are trans-
mitted from person to person by direct contact with virus 
excreted from the gastrointestinal or upper respiratory tract 
(fecal–oral route) (Sdiri-Loulizi et al. 2010; Simmons and 
Xagoraraki 2011): children represent the most infected of the 
population (Wikswo et al. 2009; Richter et al. 2011; Seppälä 
et al. 2016). The Enterovirus circulation occurs mainly dur-
ing the summer and early fall in temperate climates (Wyn-
Jones and Sellwood 2001; Wieczorek et al. 2015; Cordey 
et al. 2017).
The HEVs are members of the genus Enterovirus within 
the family Picornaviridae, order Picornavirales, consisting 
of four species: EV-A, EV-B, EV-C, and EV-D. Till date, 
HEVs comprise more than 100 serotypes, which are the 
most common pathogens infecting humans, especially chil-
dren, worldwide, including the poliovirus, coxsackievirus, 
enterocytopathic human orphan (ECHO) virus, and entero-
virus 68–71 (Rhoades et al. 2001; Laxmivandana et al. 2013; 
Qiu et al. 2015, Tian et al. 2017).
HEVs may survive on environmental surfaces for long peri-
ods (Fong and Lipp 2005; Prevost et al. 2015) and may be 
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present naturally in aquatic environments or, more commonly, 
are introduced through human activities, such as leaking sew-
age and septic systems, urban runoff, agricultural runoff, and, 
in the case of estuarine and marine waters, sewage outfall and 
vessel wastewater discharges (Fong and Lipp 2005; Iaconelli 
et al. 2017). These viruses can be transported in the environ-
ment through groundwater, estuarine water, seawater, rivers, 
aerosols emitted from sewage treatment plants, insufficiently 
treated water, drinking water, and private wells that receive 
treated or untreated wastewater either directly or indirectly 
(Sano et al. 2016; Staggemeier et al. 2017). HEVs are shed 
in extremely high numbers by infected individuals feces, typi-
cally between  105 and  1011 virus particles per gram of stool 
(Farthing 1989; Qiu et al. 2015; Steyer et al. 2015; Sano et al. 
2016). Therefore, HEVs are present at high levels in treated 
wastewater (Petrinca et al., 2009; Donia et al. 2010; Prado 
et al. 2011; Osuolale and Okoh 2017). To date, no regula-
tions have been implemented to monitor viral concentrations 
in wastewater before it is discharged into a water body, as it 
is done currently for bacteria. HEVs are currently considered 
by the United States Environmental Protection Agency Con-
taminant Candidate List (USEPA CCL) as emerging contami-
nants (Qiu et al. 2015; Iaconelli et al. 2017; Osuolale and Okoh 
2017).
Italy, particularly Southern Italy, for its geographical posi-
tion, is at risk of importing wild poliovirus or neurovirulent 
Sabin-derived polioviruses (cVDPVs) following massive 
immigration flows from countries with endemic poliomy-
elitis or still using Sabin OPV vaccine. Our previous study 
evaluated the presence of HEVs in influent and effluent flow 
samples from wastewater treated plants (WWTPs) in Italy 
from July 2007 to July 2010 (Battistone et al. 2014a). In the 
present study, the presence of HEVs is evaluated in influent 
and effluent samples collected from three WWTPs located in 
Naples, between January 2010 and December 2014. The three 
distinct WWTPs investigated were “Cuma”, “San Giovanni 
Teduccio,” and “Napoli Est”, with WWTP-linked populations 
of 1,000,000, 700,000, and 500,000 inhabitants, respectively. 
This study confirmed an incomplete efficacy of some waste-
water treatments to eliminate enteroviruses from sewage, 
highlighting the public health risks and the need for surveil-
lance programs aimed to monitor and control the possible re-
emergence of HEVs.
Our primary objective was to assess the efficiency of 
specific enterovirus removal of WWTP, collecting samples 
systematically before and after treatment using conventional 
methods indicated by WHO (2003) for detection of cultivat-
able enteroviruses (WHO 2004).
Materials and Methods
The three WWTPs (“Cuma”, “San Giovanni Teduccio,” 
and “Napoli Est”) monitored in Naples are conventional 
chemical–physical plants. The physical treatment com-
mon to all WWTPs included sand filtration and sedimen-
tation, whereas sodium hypochlorite is used for chemical 
treatment.
Seven hundred and thirty-one wastewater samples were 
collected from three WWTPs in Naples, from January 
2010 to December 2014. The samples collected from each 
plant were taken both before and after treatment, using 1-L 
sterile plastic bottles. All WWTPs monitored are conven-
tional, activated sludge plants receiving waters from urban 
areas. The physical treatment common to all WWTPs 
included sand filtration and sedimentation, while sodium 
hypochlorite is used for chemical treatment. Sewage sam-
pling started on different dates locally, causing different 
sample sizes between WWTPs. In each plant, wastewater 
samples were taken as single grabs during the peak usage, 
monthly, correlating their number to the population linked 
to the collector sewer (WHO 2003): three samples per 
month if the population collector was > 700,000 inhabit-
ants (“Cuma”) and two samples per month for population 
size < 700,000 (“San Giovanni Teduccio” and “Napoli 
Est”). Samples were frozen and sent to Istituto Superiore 
di Sanità for concentration and virological analysis.
The recovery efficiency of the WHO two-phase separa-
tion method by Polyethylene glycol and Dextran (PEG-
Dextran) (WHO 2003) used for virus concentration in 
this study was determined for six raw sewage samples 
(500 ml each). These samples were preliminarily auto-
claved (121 °C for 30 min) to eliminate possible viruses 
present, and five samples were spiked with 1 ml of polio 
type 1 Sabin at a concentration of suspensions containing 
2 × 105, 2 × 103, 20, 2, and 0.2  CCID50. The sixth sample 
was used as negative control. After concentration, samples 
were inoculated on RD cell cultures in 96-microwell plates 
(Di Lonardo et al. 2002), and virus titers were expressed 
as  CCID50.
Details of the virus concentration method, cell cultures, 
HEV identification by PCR, and virus typing by seroneu-
tralization are described in our previous paper (Battistone 
et al. 2014a). In brief, isolation of poliovirus and non-
polio enteroviruses was performed according to WHO 
protocols (WHO 2004). To confirm the presence of enter-
oviruses, CPE-positive samples were tested by RT-nested-
PCR using specific primers direct to VP1 (AN88 TAC TGG 
ACC ACC TGGNGGNAYR WAC AT and AN89 CCA GCA 
CTG ACA GCAGYNGARAYNGG) (Nix et al. 2006). Sero-
neutralization and immunocytochemistry tests performed 
according to standard WHO methods (WHO 2004) were 
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also used to confirm and extend results of viral typing 
obtained. Details of the virus typing by seroneutralization 
and immunocytochemistry methods were described in our 
previous paper (Battistone et al. 2014a).
Data analysis was performed using the statistical software 
SPSS, version 14.01 for Windows (SPSS Inc., Chicago, IL, 
USA). All data were presented as the mean ± SD. The level 
of significance was set at p ≤ 0.05.
Results
Sewage samples spiked with 2 × 105 and 2 × 103  CCID50 of 
Sabin type 1 polio suspension, respectively, produced CPE 
on the first RD cells passage, while using 20  CCID50 of 
virus CPE was seen only on the second passage. The sam-
ple spiked with 2  CCID50 of Sabin type 1 polio was CPE 
negative. The resulting detection limit of 20  CCID50/sam-
ple is in line with the WHO requirements for a satisfactory 
environmental surveillance of polio and other enteroviruses 
(WHO 2003).
Seven hundred and thirty-one samples collected from 
3 WWTPs were subjected to virological investigation 
(Table 1). One hundred and sixty-one (22.0%) of the sam-
ples were CPE positive on RD cells (140 inlet samples, 
19.2%, and 21 outlet samples, 2.9%), whereas no sam-
ples showed CPE on L20B cells. RT–nested-PCR with 
primers directed to the VP1 confirmed the presence of 
enteroviruses in all positive samples. The percentage of 
CPE-positive inlet samples differed between collectors: 
“Cuma” showed 85 positive samples (52.8%), “San Gio-
vanni Teduccio” 35 samples (21.7%), and “Napoli Est” 
20 samples (12.4%). Instead, CPE-positive samples after 
treatment were nine samples (5.6%) from “Cuma” and 
“San Giovanni Teduccio”, while only three samples (1.9%) 
from “Napoli Est” (Table 1).
The seasonal distribution of 12 viral serotypes iso-
lated from the three collectors, before and after sewage 
treatment, is reported in Fig. 1. The most of the enter-
oviruses isolated from inlet and outlet the wastewater 
treatment plant were isolated in summer, following by 
autumn, winter, and spring. The results show significant 
correlations between positive samples and the months (p 
value = 0.0064), such as the season (p value = 0.0025); 
while no significant correlation was found between the 
serotype and the months or season (p value = 0.1421 and 
0.2986 respectively). In particular, among the 140 non-
polio enterovirus isolated from inlet sewage, 97 were 
Coxsackieviruses type B (69.3%) and 43 were Echovi-
ruses (30.7%). Among these, Coxsackievirus B3 (CVB3) 
and Coxsackievirus B5 (CVB5) were most prevalent (30 
samples; 21.4%), followed by Coxsackievirus B4 (CVB4) 
(29 samples; 20.7%), Echovirus 6 (Echo6) (16 samples; 
11.4%), and Echovirus 11 (Echo11) (16 samples; 11.4%). 
Other serotypes were isolated less frequently (Fig. 1). The 
21 samples tested after treatment contained 6 CVB4, 5 
CVB3, 3 Echo11, and 2 Echo6; while other serotypes were 
isolated less frequently.
Four Coxsackievirus, 2 CVB3 collected in July 2012 
and July 2014 and 2 CVB4 collected in August and Octo-
ber 2010, isolated from inlet wastewater from 2 sewers 
of Naples (“Cuma” and “San Giovanni Teduccio”) were 
also identified in four outlet sample collected in the same 
month and location. In addition the same situation was 
Table 1  Detection of HEVs 
in sewage samples from three 
WWTPs in Naples (Italy) from 
2010 to 2014
WWTP No. of inhabitants No. of samples collected No. (%) of positive
2010 2011 2012 2013 2014 Total
Cuma 1,000,000 12 67 71 72 70 292 94 (32,2)
San Giovanni 
a Teduccio
700,000 44 49 46 48 37 224 44 (19,6)
Napoli Est 500,000 44 46 48 30 47 215 23 (10,7)
All 100 162 165 150 154 731 161 (22,0)
Fig. 1  Seasonal distribution of 
enteroviruses serotypes detected 
in all WWTPs in Naples (Italy) 
from 2010 to 2014
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found for one Echo11 that was detected before and after 
the physical–chemical treatment (“San Giovanni Teduc-
cio”) in August 2012.
Discussion
The environmental monitoring of Enterovirus is necessary 
to better understand the epidemiology and to identify the 
possible viral contamination source (Prevost et al. 2015; Qiu 
et al. 2015; Osuolale and Okoh 2017); however, the research 
on environmental matrices is difficult, time consuming, and 
more expensive. Faster and more economic molecular tech-
niques, for example, conventional and real-time RT–PCR, 
allow for a sensitive detection of different viral serotypes in 
wastewaters, without assessing viral infectivity (Donia et al. 
2010; Adeniji and Faleye 2014). In this study, we used con-
ventional viral isolation in order to evaluate infectious enter-
oviruses in pre- and posttreated sewage in three WWTPs 
of Naples city, in Southern Italy. This work was conducted 
within the national environmental surveillance of poliovirus 
and other enteroviruses launched in 2005, coordinated by the 
Italian Ministry of Health and the Istituto Superiore di San-
ità, which complements the AFP (Acute Flaccid Paralyses) 
surveillance, in accordance with the WHO polio-eradication 
initiative (Battistone et al. 2014a).
From the three WWTP studied, no poliovirus, either wild 
type or vaccine-derived (Sabin-Like, SL), was isolated, 
confirming the absence of wild polio or vaccine-associated 
paralytic poliomyelitis (VAPP) cases, i.e., confirming the 
high immunization coverage in Italy. Since 2002 in Italy, the 
use of Salk-inactivated poliovirus vaccine (IPV)vaccination, 
which replaced oral attenuated Sabin vaccine (OPV) use, 
has gradually reduced the Sabin poliovirus circulation in the 
population and consequently in the environment (Patti et al. 
2008; WHO 2011; Battistone et al. 2014b; Foiadelli et al. 
2016). Nevertheless, our data show clearly that the circula-
tion of many different enterovirus serotypes are common in 
the populations linked to the WWTPs investigated.
The most detected serotypes were CVB3 and CVB5 
(21.4% each), CVB4 (20.7%,), followed by Echo6 and 
Echo11 (11.4% each). Usually, these viruses have been 
detected during viral meningitis outbreaks or other dis-
eases, as reported in many environmental surveillance stud-
ies (Richter et al. 2011; Tao et al. 2014) and in particular, 
CVB5 is considered an emerging serotype causing meningi-
tis outbreaks recurring through the years (Rezig et al. 2004; 
Cordey et al. 2017). During the study period, no similar out-
breaks were identified in area studied, and the identification 
of 12 different enteroviruses indicates that these are some 
of main circulating serotypes, not excluding, however, other 
different HEV serotypes circulating in the environment. In 
fact, not all HEVs can be grown on RD cells, and every year 
the number of enteroviruses are steadily increasing and can 
be detected only by molecular methods. However, direct use 
of RT–PCR methods may be hampered by the presence of 
enzymes inhibitors in sewage samples, which may not be 
fully removed during RNA extraction.
The seasonal distribution of virus-positive samples 
between months and years overall suggest that HEVs cir-
culate during all year in the city of Naples. However, the 
majority of positive samples was detected in summer, as 
reported by different studies in other countries with temper-
ate climate (Costán-Longares et al. 2008; Sdiri-Loulizi et al. 
2010; Peci et al. 2014; Tao et al. 2014).
The presence of enterovirus in samples collected after 
treatment suggest that the conventional chemical–physical 
WWTPs monitored are not sufficiently adequate to reduce 
the presence of infectious HEVs, causing a possible risk 
for public health for the long-term persistence in the envi-
ronmental. In our previous study, the percentage of CPE-
positive inlet samples showed five positive samples in 
“Napoli Est” (15.6%) and two samples in “San Giovanni 
Teduccio” (6.2%) (Battistone et al. 2014a). In the present 
study, instead, the percentage of positive samples show a 
significant increase in “San Giovanni Teduccio” (21.7%), 
while a slight decrease in “Napoli Est” (12.4%). The per-
centage of CPE-positive outlet samples show a significant 
increase in “San Giovanni Teduccio” (0% vs 5.6%), while in 
“Napoli Est,” a similar percentage of outlet positive samples 
was detected (1.6% vs 1.9%). However, data shown in this 
study are insufficient to make a proper and comprehensive 
assessment to evaluate the efficacy of processes used by the 
WWTPs to reduce the Enterovirus load. Certainly, techno-
logical improvements in wastewater treatment should also 
be in the future directed toward the reduction in viral con-
tamination. Nonetheless, our data showed a decrease from 
19.2 to 2.9% of HEV-positive samples, between upstream- 
and downstream-collected waters suggesting a significant, 
though incomplete, reduction in infectious viruses by treat-
ments performed by the WWTPs. The number of positive 
enteroviruses encountered, indicate a high concentration of 
these viruses in sewage waters, reflecting a large circulation 
in the population.
Conclusion
No vaccines or antiviral agents are currently available for 
non-polio enteroviruses. Therefore, monitoring of¤ envi-
ronmental enteroviruses contamination and WWTP perfor-
mance are the only currently available aid to determine the 
circulation of pathogenic strains within the population and 
to assess risks of possible outbreaks due to waterborne and 
and foodborne diseases. The improvement of environmental 
surveillance before and after the water treatment to other 
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cities of Italy, especially in areas more densely populated 
and where the risk of polio importation is higher is desirable. 
This activity could help also to investigate possible correla-
tions between the non-polio enteroviruses circulating in the 
environment and the clinical cases.
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